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where  U is the total energy of the system.    Hence the total amount of available energy absorbed takes the form
and if the system changes from state A to state S we get the total available energy absorbed
If the system is made to undergo a cyclic transformation the energy U is the same at the beginning as at the end, and therefore if (A) is the available energy taken from without in the cycle
(73)
the integral being taken round the cycle. This expression is equal and opposite to the gain of unavailable energy, as it should be since the total gain of energy in the cycle is necessarily zero.
Now let us apply the principle of degradation of energy to the changes which take place in the interior of the system, between its different parts. In these changes, available energy is always lost; never gained; and it is only in the limiting case of reversible transformations that the loss vanishes. But, at the end of a cyclic transformation, the system M is exactly in the same condition as at the beginning, and therefore its available energy in the presence of the medium M0 must be the same. Therefore available energy must have teen increased in the system in connection with heat received from without to compensate for the loss within, and hence (A) in equation (73) must be positive.
Therefore (1) in any cyclic non-reversible transformation
£ < 0.     v
This relation is the Inequality of Clausius.
(2) The left hand member of this inequality is equal to —^-? where
A represents the amount of energy rendered unavailable subject to the condition that T0 is the lowest outside temperature available for the purposes of a refrigerator.
(3)  The loss of available energy in the cycle is proportional to T0.    If a colder medium were  substituted for M0 we  should obtain increased   facilities   for   the   conversion' of energy   into   work,   and  ation will merely call the attention of the reader to the number of different ways of arriving at the same result., heat would, in general, flow from the hottermay perhaps be stated more iefly by saying that the entropy of any system is equal to, or differs a constant from the unavailable energy of the system relative to an xiliary medium of unit temperature.(See Chapter X.)
